We present observations with the Submillimeter Array of the continuum emission at λ = 1.3 mm from 62 young stars surrounded by a protoplanetary disk in the Serpens star-forming region. The typical angular resolution for the survey in terms of beam size is 3.5 × 2.5 with a median rms noise level of 1.6 mJy beam −1 . These data are used to infer the dust content in disks around low-mass stars (0.1-2.5 M ) at a median stellar age of 1-3 Myr. Thirteen sources were detected in the 1.3 mm dust continuum with inferred dust masses of ≈10-260 M ⊕ and an upper limit to the median dust mass of 5.1 +6.1 −4.3 M ⊕ , derived using survival analysis. Comparing the protoplanetary disk population in Serpens to those of other nearby star-forming regions, we find that the populations of dust disks in Serpens and Taurus, which have a similar age, are statistically indistinguishable. This is potentially surprising since Serpens has a stellar surface density two orders of magnitude in excess of Taurus. Hence, we find no evidence that dust disks in Serpens have been dispersed as a result of more frequent and/or stronger tidal interactions due its elevated stellar density. We also report that the fraction of Serpens disks with M dust ≥ 10 M ⊕ is less than 20%, which supports the notion that the formation of giant planets is likely inherently rare or has substantially progressed by a few Myrs.
INTRODUCTION
The lifetime of dusty, gas-rich disks surrounding pre-Main Sequence (PMS) stars is tightly linked to planet formation, and provides valuable information on disk dispersal mechanisms and dissipation timescales (Williams & Cieza 2011) . The potential for young disks to form planets is critically dependent on the amount of dust available which can be converted from micronsized grains to kilometer-sized planetesimals, and then collisionally grown into terrestrial planets and rocky cores of gas-giants (Mordasini et al. 2008 ). Since it depends on sufficient amounts of dust being present, the timescale for planetesimal formation is determined by the decline rate of dust mass during disk evolution. For this reason, understanding how dust mass varies with properties such as stellar mass, age, and environment, is critical for understanding planet formation.
In the past two decades, infrared observations have identified hundreds of disks in nearby star-forming regions, uncovering spectral energy distributions reflective of optically-thick, passively-irradiated dust disks around stellar photospheres (e.g., Kitamura et al. 2002; Megeath et al. 2005; Carpenter et al. 2006; Luhman & Mamajek 2012) . These infrared surveys have revealed that 80% of young, ∼1 Myr-old K-and M-type PMS stars are surrounded by disks, and that this number falls to 20% by a stellar age of ∼5 Myr (Haisch et al. 2001; Mamajek et al. 2004; Hernández et al. 2008) . Evidence suggests that disk dissipation occurs on even shorter timescales for A-and B-type stars (Hernández et al. 2005; Carpenter et al. 2006; Dahm & Carpenter 2009 ).
Thermal emission from dust at infrared wavelengths is typically optically thick and only probes warm dust located on the disk surface layer to within about 1 AU of the star, so millimeter observations are required to study the colder dust residing in the disk outer regions. Millimeter continuum emission provides an estimate of the surface area of milimeter-sized particles in the disk (e.g., Andrews & Williams 2005 Ricci et al. 2010) and can be used to derive total dust mass with appropriate assumptions about dust opacity and disk temperature structure (Hildebrand 1983; Beckwith et al. 1990; Andre & Montmerle 1994) .
Many studies have investigated disk evolution based on the age of the star-forming region (e.g., Upper Scorpius and Taurus; Carpenter et al. 2014 ), but the impact of stellar environment on the dust mass of protoplanetary disks remains poorly understood. While the Serpens and Taurus regions both have estimated ages of about 1-3 Myr (Luhman 2004; Oliveira et al. 2013) and similar stellar mass functions comprised of primarily low-to intermediate-mass stars ( 2-3 M ; Sadavoy et al. 2010) , Serpens has a stellar surface density that is about two orders of magnitude greater than in Taurus (Megeath et al. 2016 ). In fact, the peak surface density in the Serpens core is of order ∼10 3 pc −2 with average densities about a factor of 4 less than the peak found in the core (Harvey et al. 2007 ).
Relative to the Orion Nebula Cluster and the σ Orionis cluster, Serpens lacks bright and massive O stars which strongly affect the dust mass of nearby disks due to strong photo-ionizing UV flux (e.g., Mann et al. 2014; Ansdell et al. 2017) . By comparing the dust mass distribution of disks in Serpens and Taurus, it is possible to probe the impact of stellar encounters on disk dust mass in a clustered environment without biasing factors such as photo-evaporation by nearby O stars or differing disk ages (e.g., Rosotti et al. 2014 , and references therein). In addition, a more comprehensive comparison with other star-forming regions recently surveyed by ALMA will allow us to determine if Serpens is consistent with the observed trend of systematically declining (sub-)millimeter continuum emission with age, which indicates steady disk dispersal and/or grain growth in circumstellar disks (Williams 2012) .
The rapid discovery of new exoplanets in the past decade (Winn & Fabrycky 2015) has made understanding stellar-mass-dependent disk properties increasingly critical. According to planet formation models, disk dust mass greatly influences the frequency and location of nascent planets (e.g., Bitsch et al. 2015; Mordasini et al. 2012 Mordasini et al. , 2016 . The M dust -M * relation is thus crucial not only for understanding planet formation but also may explain observed trends within exoplanet populations, such as a positive correlation between giant planet frequency and host star mass (e.g., Johnson et al. 2007; Howard et al. 2012; Bonfils et al. 2013 ) and a higher incidence of closely-orbiting, Earth-sized planets around M dwarfs than around Sun-like stars (e.g., Dressing & Charbonneau 2013; Mulders et al. 2015) .
We report new 1.3 mm Submillimeter Array (SMA) continuum observations of the ∼1-3 Myr old Serpens star-forming region targeting disks around PMS stars with masses from about 0.1-2.5 M . These efforts represent the first systematic millimeter investigation of the circumstellar disks of young Serpens stars. In Section 2, we describe our sample and the SMA observations and present our observational results in Section 3. We derive dust masses assuming optically thin and isothermal emission and investigate any potential dependence of the disk properties with stellar mass in Section 4. In Section 5, we compare these observations with existing submillimeter continuum measurements of stars in nearby star-forming regions to study the evolution and distri-bution of dust masses and we summarize our results in Section 6.
THE SERPENS SAMPLE

Sample Selection
The Serpens star-forming region is part of the Serpens Molecular Cloud which comprises different stellar clusters with different properties. The region consists of several hundred young stellar objects (YSOs) and previous observations have revealed evidence of strong clustering and high-velocity outflows (see review by Eiroa et al. 2008) . We targeted the region of Serpens containing the Serpens Main and NH 3 sub-clouds, which include the two well-studied centers of star formation Serpens core/Cluster A and Cluster B, as defined by Harvey et al. (2007) .
Our sample consists of 62 (mostly K-and M-type) PMS stars which were identified with an infrared excess between 3.6-70 µm as part of the c2d Spitzer Legacy observations conducted by Harvey et al. (2007) . The characteristics of the infrared excess suggest that these stars are surrounded by optically thick disks in the Class II evolutionary stage for YSOs. Harvey et al. (2007) initially identified 132 Class II YSOs in Serpens and Oliveira et al. (2013) compiled all young IR-excess sources that were brighter than 3 mJy at 8 µm, identifying 115 sources. After excluding 21 objects embedded in dusty envelopes, Oliveira et al. (2013) determined the physical properties (e.g., stellar luminosity, effective temperature, mass) of a Class II YSO Serpens sample of 94 sources. Of these sources, 58 had spectral types from optical spectroscopy, while the remaining 36 objects with high extinction have spectral types derived from R-band photometry (Spezzi et al. 2010; Oliveira et al. 2013) . We observed 62 of these sources (see Appendix Table 4 for stellar parameters) and thus have covered about 50% of the total known Class II YSOs in Serpens and 70% of the Oliveira et al. (2013) fluxlimited sample. Table 1 lists the 62 sources observed with the SMA along with the phase center and the date of the observations. If a source was observed multiple times, all dates are listed. Oliveira et al. (2013) estimated stellar luminosities (L * ) by separating radiation emitted by the star from that re-emitted by the disk, using a standard method (e.g., Kenyon & Hartmann 1995; Alcalá et al. 2008 ) of modeling the stellar photosphere according to a star's spectral type (NextGen model; Hauschildt et al. 1999) . Stellar masses (M * ) were also taken from Oliveira et al. (2013) , who derived these parameters using the stellar models of Baraffe et al. (1998) for stars less massive than 1.4 M and the models of Siess et al. (2000) for more massive stars. Figure 1 shows the distribution of sources in the Serpens sample per spectral type as well as accretion status based on Hα data (Oliveira et al. 2009 ).
We adopt a cloud distance of 415 ± 15 pc from Dzib et al. (2010) , who used Very Long Baseline Array (VLBA) parallax observations of one star in the Serpens core. The distance adopted in this work is also used in Oliveira et al. (2013) and is consistent with Chandra observations of the Serpens core by Winston et al. (2010) . A more recent distance estimate using VLBI in the form of the GOBELINS survey is 436 ± 9 pc (Ortiz-León et al. 2017) . As this is only ∼5% higher than the previous values, and consistent within the 1σ errorbars, we decide to use the original distance value for consistency with Oliveira et al. (2013) .
SMA Observations
The Serpens disks were observed with the SMA in compact configuration between 2016 February 12 and June 3. Table 2 summarizes the observations, including the number of 6 m antennas used, the minimum and maximum projected baselines, the flux calibrator, the passband calibrator, and the gain calibrator for each day.
At a wavelength of 1.3 mm, the FWHM of the SMA primary beam is ∼55 and the largest recoverable scale for the array in the compact configuration is ∼20 . The typical angular resolution, in terms of the FWHM of the synthesized beam, obtained for the observations is 3.5 × 2.5 . The total observed bandwidth is ∼8 GHz covering ∼220.7-224.7 GHz in the lower sideband and ∼228.7-232.7 GHz in the upper sideband. The SMA correlator was configured to provide a uniform spectral resolution of 0.8125 MHz (∼1.1 km s −1 ). The SMA data were calibrated using the MIR software package 1 . Table 2 lists the calibrators for each night. The measured flux density of the gain calibrator was 16% brighter on average for the 2016 May 9 data than on 2016 May 18. Given that the measurements were obtained nine days apart and that the flux values of the gain calibrator on 2016 May 18 closely agree ( 10%) with the flux of the gain calibrators for all other observations (∼2.0 Jy), this discrepancy likely represents a systematic difference in the absolute flux calibration between data sets. However, the flux determined for the circumstellar disk of ID58 on 2016 May 9 was consistent with the measured fluxes on the 2016 Feb 12 and 2016 May 31 observations. As a result, we use the 2016 May 9 observation to determine flux densities and rms values only for ID71, ID76, ID80, and ID82 (which were not observed at any other epochs) but exclude this data for other sources that were re-observed in other epochs. For all other sources that were observed on multiple days, the visibilities were combined before extracting the flux of the disks. We adopt a 1σ calibration uncertainty for the absolute flux densities of 10%.
Images were created from the calibrated visibilities using MIRIAD with natural weighting. Continuum maps were produced by averaging all of the channels. The mean offset of the expected stellar position (not accounting for proper motions) from the phase center of the SMA observations is (∆α, ∆δ) = (0.60 , −0.37 ). The typical position offsets of detected disks are consistent with observed proper motions of Serpens stars (e.g., Ortiz-León et al. 2017) , but a few sources (ID3, ID96, and ID146) do have substantially higher (×3-4) offsets. Nonetheless, these offsets are negligible compared to the typical beam sizes achieved in the observations (see Table 3 ) and it was not necessary to correct for these slight proper motions. Thus, all following references to stellar coordinate position are uncorrected for stellar proper motion.
3. SMA RESULTS Table 3 summarizes the continuum measurements. The table includes the integrated flux density, the offsets of the peak of the millimeter emission from the stellar position, the rms noise in the image, and the FWHM and position angle of the synthesized beam. Upper limits to the flux density were computed as 3 × rms. Non-detected disks were identified with flux density less than 3 × rms with the exception of ID71. While the flux density of ID71 was only 2.3 × rms, visual inspection of the resulting image revealed a point source at the expected stellar position. Combined with the fact that, as previously noted, the single epoch in which ID71 was observed was unusually noisy, we decided to include ID71 as a detected disk with the caveat that this is a relatively tentative detection. 16.4 ± 1.2 0.00 ± 0.11 0.05 ± 0.08 1.6 3.5 × 2.4 −72 Note- (1) Thirteen sources were detected in the 1.3 mm continuum with a signal-to-noise ratio of 3. Known galaxies in the observed FOVs were searched for using SIMBAD (Wenger et al. 2000) and NED 2 . No conspicuous examples of extragalactic contamination in the sample were found and thus, we conclude that the SMA detections must be associated with the disk in the YSO. We assume throughout this paper that the detected continuum sources are associated with the PMS stars in Serpens and Figure 2 shows the locations of the surveyed disks.
Figure 3 presents contour maps of the 1.3 mm continuum emission for detected disks in the Serpens sample. Each image is centered on the expected stellar position taken from Oliveira et al. (2013) . Flux densities were measured by fitting a point-source model with three free parameters (integrated intensity and position offsets) to the visibility data using uvfit in MIRIAD. A point-source model is a reasonable approximation for observed disks as the angular size of a disk in Serpens is expected to be 1 , which is substantially smaller than the angular resolution of our observations. Figure  4 shows the continuum flux densities for the entire Serpens sample by the spectral type of host PMS stars.
nology, under contract with the National Aeronautics and Space Administration.
PROPERTIES OF DISKS IN SERPENS
Dust Mass Determination
As the dust thermal emission from young disks at millimeter wavelengths is mostly optically thin, continuum flux densities can be used to estimate dust masses (e.g., Hildebrand 1983; Beckwith et al. 1990 ). We adopt this simplified approach common to disk surveys at these wavelengths (e.g., Natta et al. 2000) . Assuming isothermal and optically thin dust emission, the disk dust mass is given by:
where F ν is the observed flux density, d is the distance, κ ν is the dust opacity, and B ν (T dust ) is the Planck function at the characteristic dust temperature, T dust . We adopt a dust opacity of κ ν = 2.3 cm 2 g −1
at 230 GHz (Beckwith et al. 1990 ). As the characteristic dust temperature responsible for millimeter emission is poorly constrained, we adopt a
25 , which was determined by Andrews et al. 2013 using 2D continuum radiative transfer calculations for a grid of disk models. Despite the presence of multiple dust temperatures throughout a disk, this formalism establishes a typical dust temperature to characterize the continuum emission. van der Plas et al. (2016) and Hendler et al. (2017) emphasized that systematic variations in disk size can alter the T dust -L * relation, resulting in a flatter, nearly stellar luminosity-independent relation. In modeling a sample of resolved disks in Lupus, Tazzari et al. (2017) also found evidence that T dust is independent of stellar parameters. However, as we lack direct measurements of disk sizes for the sources in our sample, and since disk sizes may vary between Serpens and other star-forming regions, we chose to adopt the Andrews et al. (2013) relation. Also, we do not apply a plateau of ∼10 K to the outer disk temperature as some previous studies have (e.g., Mohanty et al. 2013; Ricci et al. 2014; Testi et al. 2016) . The lowest-luminosity source in our Serpens sample with L * = 0.11 L has a T dust of 14.4 K with this relation. In our comparison samples (Section 5), the lowest-luminosity object is in Taurus with L * = 0.0011 L and has a T dust of 4.5 K. This is below a 10 K plateau but is still consistent with the low temperatures found in disk models (van der Plas et al. 2016; Hendler et al. 2017) and in the Flying Saucer disk (Guilloteau et al. 2016) in ρ Oph (see discussion in Section 5 of Pascucci et al. 2016 ). Figure 5 shows the derived dust masses as a function of the stellar mass for the 59 stars in Serpens. In this plot we did not include the sources ID41, ID62, and ID80, as they have no stellar mass estimates. Uncertainties in dust masses include uncertainties in the measured flux density and in the assumed distance uncertainty. Statistical uncertainties in the dust temperature implied from luminosity uncertainties are typically small (∼few K). Potential systematic uncertainties in dust temperatures and opacities are not included in the dust mass uncertainties.
Correlations with Stellar Mass
The inferred dust masses of the sources detected with the SMA range over an order of magnitude from 11-257 M ⊕ . If assuming a canonical interstellar medium dust-to-gas ratio of 0.01 by mass (Bohlin et al. 1978) , the range of disk (gas+dust) mass corresponds to ∼0.22%-18.6% of the stellar mass. Detected at the 20σ level, the disk ID146 around an M4 star with mass 0.42 M has a dust mass of 257 M ⊕ , substantially larger (∼70%) than the next highest dust mass of 74 M ⊕ in our Serpens sample. However, considering both detections and upper limits, most disks (79%) have dust masses lower than 20 M ⊕ .
Over the last few decades, (sub-)millimeter surveys of disks in nearby star-forming regions have revealed increasing support for a positive correlation between M dust and M * . Pre-ALMA observations provided initial evidence for the M dust -M * relation (Natta et al. 2000; Andrews et al. 2013; Mohanty et al. 2013) , which has since been confirmed in the young Lupus (Ansdell et al. 2016) and Chamaeleon I regions (Pascucci et al. 2016) as well as the more evolved σ Orionis cluster (Ansdell (Carpenter et al. 2014; Barenfeld et al. 2016) . Figure 5 suggests that disk dust mass may correlate with stellar mass in Serpens. The significance of this potential M dust -M * trend was evaluated using correlation tests adapted for censored data sets (Isobe et al. 1986 ), as implemented in NADA (Lee 2013 ) and the R Project for Statistical Computing (Therneau 2015; R Development Core Team 2017). The Cox proportional hazard test and the Kendall rank test indicate that the probability of no correlation between dust mass and stellar mass is 0.994 and 0.809, respectively. We conclude that there is no evidence that dust masses correlate with stellar masses in the Serpens sample.
Undetected Disks and Stacking Analysis
Of the 62 sources observed, only 13 disks were detected. For the remaining disks, we performed a stacking analysis to determine their average disk properties. Three undetected sources, i.e. ID76, ID80, and ID82, were only observed once and have significantly higher upper limits than for all the other undetected disks. For this reason, we excluded those sources from our stacking analysis.
Images of each source were generated from the calibrated visibilities. As none of these sources was individually detected, we centered each image on the expected stellar position to produce the stacked image. Each pixel in the stacked image, shown in Figure 6 , is given by the mean of the corresponding pixels in the source images after being weighted by the rms noise of each image. The measured flux density in a 2 radius aperture at the center of the stacked image is 0.13 ± 0.31 mJy. We . Stacked continuum image of the non-detected disks. Three sources (ID76, ID80, ID82) were excluded due to noisy data. The flux density inside a 2 radius aperture at the center of the image is 0.13 ± 0.31 mJy.
determined the dust mass of the stacked disks in the same manner as described in Section 4.1. Assuming a dust temperature of 20 K and incorporating the positive flux uncertainty, we find a 3σ upper limit to the mean dust mass of ≈4.9 M ⊕ . Oliveira et al. 2002 Oliveira et al. , 2004 , and Upper Sco (∼5-10 Myr; Slesnick et al. 2008 ) have ages at various stages of disk evolution and have thus been the focus of numerous studies investigating protoplanetary disk evolution and dispersal. Infrared surveys taken with the Spitzer Space Telescope have found that the percentage of optically thick dust disks exhibiting excess emission at IRAC wavelengths (3.6-4.5 µm), declines from ∼65% in Taurus and Serpens to ∼50% in Lupus and Chamaeleon I to ∼40% in σ Orionis, and decreases to only ∼15% in Upper Sco (Ribas et al. 2014) .
While infrared observations reveal the depletion of micron-sized grains within a few AU from the star, (sub-)millimeter observations can probe the larger population of millimeter-/centimeter-sized grains at distances 10 AU over the entire ∼10 Myr disk dispersal timescale (see Alexander et al. 2014 for a review of disk dispersal timescales and processes).
The disk populations of Upper Sco (Barenfeld et al. 2016) , Chamaeleon I (Pascucci et al. 2016) , and Lupus (Ansdell et al. 2016 ) have been surveyed with ALMA in Band 7 (∼0.87 mm) at comparable sensitivity. Ansdell et al. (2017) conducted a similar high-sensitivity submillimeter wavelength survey in Band 6 (∼1.3 mm) of σ Orionis. The Taurus star-forming region has been observed with the SMA at a lower sensitivity (between ∼3-15× lower; Andrews et al. 2013) . For a consistent comparison of the results of these surveys with our SMA survey of Class II YSOs in Serpens, we only considered protoplanetary disks in Class II or flat IR YSOs. For Upper Sco, we only include the "full", "evolved", and "transitional" disks from Barenfeld et al. (2016) . Neither Class III YSOs nor debris disks were included in the Taurus, Lupus, Chamaeleon I, and σ Orionis surveys. These disks likely represent a separate evolutionary stage in which most, if not all, of the gas disk has been cleared (e.g., Pascucci et al. 2006 ) and millimeter emission is the result of second-generation dust production from collisions of larger, asteroid-sized bodies.
We have assumed a distance of 137 ± 20 pc for Taurus, which is based on VLBA measurements of two T Tauri stars (Torres et al. 2007 ) and a distance of 144 ± 3 pc for Upper Sco, which is the mean distance of OB stars in the Upper Sco association (de Zeeuw et al. 1999 ). The Lupus complex consists of four main star-forming clouds with one region located ∼200 pc away and the other three at ∼150 pc (Comerón 2008) . For the Lupus sample, each source is assigned a distance corresponding to its location within one of these four star-forming clouds according to Ansdell et al. (2016) and we adopt a distance uncertainty of ∼20 pc, a fairly typical uncertainty considering the previous difficulties in Lupus distance determination (Comerón 2008) . We assume an average distance of 160 ± 20 pc to Chamaeleon I from Hipparcos stellar distances and extinction analysis (Luhman 2008), and a distance of 385 ± 5 pc to σ Orionis, based on recent orbital parallax measurements (Schaefer et al. 2016) .
To calculate the dust masses in a homogeneous way, we use Equation 1 and the T dust -L * scaling relation described in Section 4.1. All submillimeter flux densities were extrapolated to the mean wavelength of the Serpens observations (1.3 mm) by assuming that the dust emission scales with frequency as ν 2.4 , which is the same frequency dependence adopted by Andrews et al. (2013) . Upper Sco luminosities were taken from Barenfeld et al. (2016) and for Taurus, the stellar luminosities were taken from Andrews et al. (2013) . For Lupus, we used stellar luminosities compiled from Alcalá et al. Manara et al. (2014 Manara et al. ( , 2016 Manara et al. ( , 2017 . Since there are not luminosity determinations for the stars in σ Orionis, we assume a uniform dust temperature of 20 K for all disks in σ Orionis. For any stars lacking luminosity determinations in the other comparison regions, we have also assumed T dust = 20 K.
The upper limits of the non-detections in each sample are not computed in a consistent way. Upper limits in Serpens, Taurus, Lupus, Chamaeleon I, and σ Orionis are reported as three times the rms noise of the observations, while the upper limits in Upper Sco are given by three times the rms noise plus any positive measured flux density. In this way, the Upper Sco upper limits are more conservative in nature. As Carpenter et al. (2014) and Barenfeld et al. (2016) note, since dust masses in the older Upper Sco are expected to be lower, the differing determinations of upper limits should only lessen differences between the Upper Sco and the younger samples.
Stellar masses selected from the literature were derived with the Siess et al. (2000) stellar models for all regions except for Chamaeleon I, which used the evolutionary tracks from Baraffe et al. (2015) and non-magnetic tracks from Feiden (2016) . Resulting systematic effects should be negligible, since stellar masses determined by these two schemes are typically consistent. Figure 7 shows the cumulative distributions of dust masses with M * ≥ 0.1 as estimated using the KaplanMeier (KM) product-limit estimator to properly account for censored measurements (upper limits on dust masses) using the formalism described by Feigelson & Nelson (1985) . We decide to plot the cumulative distributions for stellar hosts above the brown dwarf mass limit (M * ≥ 0.1) in order to facilitate comparison with Ansdell et al. (2017) , who comprehensively compiled dust mass distributions using survival analysis. We find consistent distributions relative to Ansdell et al. (2017) (see Figure 8) . Specifically, we confirm that the older σ Orionis and Upper Sco have substantially less massive distributions compared to the younger regions of Taurus, Lupus, and Chamaeleon I. For 10 M ⊕ < M dust < 100 M ⊕ , Serpens appears to have a dust mass distribution similar to that of Taurus, Lupus, and Chamaeleon I but significantly more massive than that of σ Orionis and Upper Sco. As only disks 10M were detected with the SMA, we are unable to assess the remaining, lower dust mass portion of the distribution in Serpens, which would require a higher sensitivity (sub-)millimeter survey.
Relative Dust Masses
The steady decline in bulk dust mass, as probed by (sub-)millimeter continuum flux, reflects a combination of disk dispersal and grain growth. Ansdell et al. (2016) showed that the average dust mass of disks in a given star-forming region does decline with age. In particular, they found that Lupus and Taurus have consistent mean dust masses (15 ± 3 M ⊕ and 15 ± 2 M ⊕ , respectively), while Upper Sco has a substantially lower mean dust mass (5 ± 3 M ⊕ ). Ansdell et al. (2017) found an average disk dust mass of 7 ± 1 M ⊕ for the intermediate-aged σ Orionis, and Pascucci et al. (2016) determined a mean of 13 ± 4 M ⊕ for the younger Chamaeleon I, which further supports this decline of dust mass with age.
However, as samples of survival times are frequently highly skewed, the median is generally a better measure of central location than the mean in survival analysis, and we decided to recompute median dust masses for Serpens and each comparison region. As the survival function is discrete, median dust masses are determined via linear interpolation between the values above and below where the cumulative density function (CDF) equals 0.5. But if samples only have upper limits in the lowest 50% of values, we cannot compute medians via the KM estimator because the first positive detection occurs after the CDF has already exceeded 0.5. To mitigate this limitation, we calculate medians with the KM estimator after assigning the lowest value a "detection" status, irrespective of its true nature as a detection or a nondetection. Doing so may result in elevated estimates for median values, but considering the high proportion of non-detections, especially in Serpens and σ Orionis, this method still yields a more realistic estimate of the median than using detections alone but still only represents an upper limit to the true median. Further details and a thorough description of this method can be found in Feigelson & Nelson (1985) . For our star-forming regions, this applies to Serpens, σ Orionis, and Upper Sco for which 5, 7, and 1 of the lowest dust masses (which were all non-detections) were treated as detections, respectively.
The median dust masses, including upper limits, for Serpens and comparison regions are shown in Figure  8 . The upper limit median dust mass for disks in Serpens is 5.1 +6.1 −4.3 M ⊕ , where the uncertainties are the upper and lower quartiles produced by the KM estimator. This is slightly higher, but consistent within the quartile uncertainties, than similarly-aged Taurus, Lupus, and Chamaeleon I but substantially larger than more evolved regions like Upper Sco and σ Orionis. Considering that Serpens has a higher, or at least consistent, median dust mass with similarly young regions, we find no evidence that the dust mass in Serpens has been reduced as a result of dispersal because of more frequent and/or stronger tidal interactions that could disrupt the outer regions of disks.
Dust Mass Distributions
A proper accounting of selection biases is a necessary requirement for comparison studies of disk evolution. In Figure 8 . Median and upper limit median dust masses using survival analysis ordered by decreasing dust mass. Error bars span the first and third quartiles determined using survival analysis. Downward arrows indicate that the value is an upper limit estimate to the median, computed as described in the text. particular, when comparing dust masses between starforming regions, we need to be sure that we are only considering YSOs with statistically similar distributions of stellar masses (e.g., Andrews et al. 2013; ?; Ansdell et al. 2016) , especially since M * -M dust correlations have been identified to varying degrees in our comparison regions of Taurus, Lupus, Chamaeleon I, Upper Sco, and σ Orionis.
Specifically, we follow the methodology of Andrews et al. (2013) and employ a Monte Carlo (MC) approach that aims to normalize the stellar mass functions. Unlike in Andrews et al. (2013) , we do not have a nearlycomplete sample for Serpens and instead must randomly select a subset of sources from our SMA survey to obtain a "reference" sample. In particular, we use a Kolmogorov-Smirnov test to ensure that our Serpens reference sample has the same distribution of host stellar masses as the randomly-drawn comparison sample. Then, the probability p ∅ that these two subsamples are drawn from the same parent distribution (i.e., the null hypothesis) is evaluated using standard two-sample tests for censored datasets (e.g., Feigelson & Nelson 1985) . This process is repeated for a large number (∼10 5 ) of individual trials and the results are then used to construct a cumulative distribution of null hypothesis probabilities f (< p ∅ ).
Rather than fixing the reference sample, we randomly draw a new reference subset for each MC realization. Figure 9 shows the resultant cumulative dis- Figure 9 . Cumulative distributions of null hypothesis probabilities p ∅ derived from Monte Carlo simulations using twosample tests for censored datasets which account for stellar host mass selection biases. The nominal 2σ and 3σ probabilities that the two samples are different are shown as vertical green bars.
tribution functions derived from the logrank test (the Peto-Prentice test gives similar results). Vertical green bars indicate the nominal "2σ" and "3σ" probabilities, which are equivalent to p ∅ = 0.0455 and 0.0027, respectively, that the two comparison samples are different. This technique was applied to the Serpens, Lupus, Taurus, Chamaeleon I, and σ Orionis samples. However, we were unable to meaningfully compare Serpens with the Upper Sco sample, since there is relatively minimal overlap in their stellar mass distributions, i.e. for the Upper Sco sample, the majority of stars are within 0.1 M M * 0.5 M , but for the Serpens sample, we have 0.5 M M * 2.5 M . A comparison between these regions using this method leads to most of the MC realizations only comparing a small subset of both regions, which often select the same YSOs, as these are the only sources with similar stellar hosts masses in both Serpens and Upper Sco.
The cumulative distributions in Figure 9 indicate that Taurus, Chamaeleon I, and Lupus are statistically indistinguishable from our Serpens sample when considering equivalent stellar mass distributions. The σ Orionis sample appears to have very marginally different (in this case lower) dust masses on average, as indicated by a median p ∅ of 0.12. As a result, caution should be taken when interpreting the comparison of Serpens and σ Orionis due to their potentially different stellar mass distributions. Nonetheless, our main conclusions in Section 5.2 remain the same.
In particular, we find that our incomplete Serpens sample is statistically indistinguishable from that of Taurus. The Taurus star-forming region is an ideal comparison as decades of study have led to a nearly complete census of stars with and without disks (Luhman et al. 2010; Rebull et al. 2010 ) along with an abundance of stellar data that allow for comparison with Serpens over the same stellar mass range. Most disks around stars in Taurus with spectral type M3 or earlier have been detected in the millimeter continuum (Andrews et al. 2013) . Both regions are comprised of primarily low-to intermediate-mass stars, are similarly young at ∼1-3 Myr, and have the same fraction (∼65%) of dust disks displaying excess infrared emission. Despite the fact that Serpens has a stellar surface density which is two orders of magnitude in excess of that of Taurus, we find that both regions are statistically similar. The increased stellar density of Serpens does not appear to be reducing its typical disk's dust mass. At the stellar densities and ages probed by Serpens, it is somewhat surprising to have not found any differences in disk dust distribution between Serpens and Taurus. However, this may be due to the fact that the stellar surface densities, while reasonably elevated, in Serpens are still not high enough to cause significant tidal truncation as predicted by the models of Rosotti et al. (2014) .
It is also important to consider the local stellar densities around the sources we have detected. As seen in Figure 2 , there are hints of higher local stellar densities of detected disks in two regions: one that is ∼9 to the south of Cluster B ('central region') and another at the bottom south west of the image ('southwest region'). To determine an approximate local density of stars in these regions, we take a circular area encompassing all of the detected and non-detected disks in the central and southwest regions and count the contained YSOs, including all Classes, as taken from Harvey et al. (2007) . Specifically, we use a radius of 2 , which corresponds to an area of 0.24 pc 2 and contains 9 YSOs for the central region and a radius of 5.5 that contains 22 YSOs with an area of 1.37 pc 2 for the southwest region. We find local stellar densities of 50 and 16 pc −2 , respectively. These densities are significantly lower than what was found in the Serpens core and Cluster B and implies that we likely do not have sufficiently high local stellar densities around the detected disks to expect disk truncation as predicted by Rosotti et al. (2014) .
Evolution of Disk Dust Mass
Based on core accretion theory, the formation of giant planets occurs when solid cores of a minimum critical mass arise in the disk. These newly formed cores Figure 10 . Fraction of disks with dust mass above 10 M⊕ in Serpens and nearby star-forming regions. Regions are centered on their mean age (e.g., the ∼2-3 Chamaeleon I region is plotted at a mean age of 2.5 Myr with a 0.5 Myr uncertainty). Upper Sco lacks a disk fraction uncertainty as all MC realizations were found to be the same with a zero standard deviation. The lightly colored upward triangles represent the disk fractions reported in Ansdell et al. (2017) .
then cause runaway accretion of surrounding gaseous envelopes (Pollack et al. 1996; Ida & Lin 2004) . This gaseous material is predicted to accrete quickly, such that ∼10 M ⊕ cores would accumulate masses of ∼1 M Jup on timescales of ∼0.1 Myr (Ida & Lin 2004) . By observing how rapidly circumstellar dust is depleted below this threshold, we can constrain the expected occurrence rate for the formation of giant planets.
Specifically, we estimate the fraction of protoplanetary disks in a certain region with dust masses in excess of ∼10 M ⊕ , the amount necessary for forming the core of a giant planet. To do this, we used an MC approach, associating each disk to a likelihood distribution for its dust mass and then ran a large (∼10 4 ) number of MC realizations. For a detected disk, we use a Gaussian distribution and for a non-detection, we use a erfc function (see Appendix A.1-A.2). The reported disk fractions and associated uncertainties are the mean and standard deviations of the MC realizations. Figure 10 shows the fraction of disks with dust mass above 10 M ⊕ for each star-forming region as function of their age. We do not observe the ∼2-3× decline in disk fraction from σ Orionis to Upper Sco that is reported in Ansdell et al. (2017) but otherwise find fractions consistent with their reported values. All regions, including the youngest clouds, are found to have a disk fraction lower than 25%. Despite the fact that these re-sults are approximate due to differing survey completeness, this nonetheless reinforces the notion that giant planet formation must either be rare, or the growth of small solids into larger, invisible rocks is sufficiently progressed within the first few Myrs of disk evolution. Relative to its ability to form giant planets with ∼10 M ⊕ cores, we find that Serpens is similar to the other comparably young regions of Taurus, Lupus, and Chamaeleon I. While the disk fraction in Serpens is slightly lower than these other young regions, there is no compelling evidence that Serpens has a lower fraction of disks with at least ∼10 M ⊕ . The results of testing different mass thresholds, other than 10 M ⊕ , are shown in Appendix A.3, and all thresholds exhibit similar trends.
CONCLUSIONS
We have presented an SMA 1.3 mm survey of the disk population around objects from 0.13-2.47 M * in the ∼1-3 Myr old Serpens star-forming region. This region is particularly interesting for studying disk evolution as it has an elevated stellar surface density and can be used to probe dust mass distributions in dense environments. Our main goals were to estimate disk dust masses in Serpens, investigate how dust mass scales with stellar mass, and compare these results with similar studies in other star-forming regions probing disk ages and stellar environments.
1. We detect dust thermal emission in 13 out of 62 protoplanetary disks around Serpens stellar members. Detected dust masses ranged from 11-257 M ⊕ with an upper limit to the median dust mass of 5.1
All observations of nondetected disks were stacked and we report a 3σ upper limit to the mean dust mass of ≈4.9 M ⊕ for the non-detected disks.
2. As verified by statistical comparison of similar stellar mass distributions, we find that Serpens is statistically indistinguishable from Taurus, Chamaeleon I, and Lupus, while σ Orionis appears to have a marginally (median p ∅ = 0.12) lower dust mass distribution. The upper limit to the median dust mass in Serpens, as determined by survival analysis, is slightly higher, but consistent within uncertainties, with the similarly young (∼1-3 Myr) Taurus, Lupus, and Chamaeleon I regions and is substantially larger than the upper limit median dust masses in the more evolved σ Orionis and Upper Sco regions.
3. Serpens and Taurus are regions with similar age (∼1-3 Myr), fraction of Class II YSOs (∼65%), and stellar mass distributions. Despite the fact that Serpens has a stellar surface density that is two orders of magnitude greater than that of Taurus, both regions are statistically indistinguishable with comparable median dust masses. Thus, we find no evidence that Serpens dust disks have been more readily dispersed as the result of more frequent tidal interactions due to its higher stellar density.
4. We find that the fraction of Serpens disks with M dust ≥ 10 M ⊕ is less than 20%. This finding supports the notion that giant planet formation is likely inherently rare or has substantially progressed by a few Myrs. However, due to the abundance of upper limits in our SMA sample, a highersensitivity (sub-)millimeter survey of disk-bearing PMS stars in Serpens is needed to confirm these results.
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For each realization of the Monte Carlo, a detected disk had its dust mass randomly chosen according to Equation A1.
A.2. Upper Limits
For disks that were not detected, the situation is more complicated as the upper limit is consistent with any instance in which the unreported measurementm u (i.e., the true value m u scattered by measurement noise σ u ) is less than or comparable to the reported upper limitm lim,u . Our Monte Carlo simulation assumes the PDF of an upper limit to be:
For each realization of the Monte Carlo, a non-detected disk was randomly chosen from Equation A2. As deeper observations from other regions (e.g., Taurus, Lupus) have shown that dust masses can span several orders of magnitude, thus, unlike in the case of detections, we choose m u values from a uniform distribution over a logarithmic grid to increase the probability of selecting smaller true disk dust masses and in order to more realistically model the undetected disk populations. This is especially important for incomplete surveys such as our Serpens sample. If a linear grid is used and the disk fraction mass threshold is set 30 M ⊕ , the Serpens sample becomes progressively dominated by the upper limits at these lower cutoff values, while deeper, more complete surveys such as those of Taurus and Lupus have much lower upper limits and do not began to show this bias until much lower mass thresholds. For the lowest mass that can be chosen for a non-detected disk, we fix 0.1 M ⊕ .
A.3. Influence of Mass Threshold
By changing the mass threshold, we can investigate trends among star-forming regions. We find roughly consistent results between the regions. When considering high-mass dust disks (M dust ≥ 20 M ⊕ ), Lupus has a considerably higher fraction (∼20%) than all other regions and Upper Sco appears to have marginally more high-mass dust disks than σ Orionis despite its larger age. 
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